A list of 705 new Northern Celestial Hemisphere common proper motion pairs as derived from the Second U.S. Naval Observatory CCD Astrograph Catalog is presented, along with details of their separation, motion, brightness and colour. Objects of particular interest are noted, and the use of the catalogue for such work gauged.
INTRODUCTION
Common proper motion pairs are a subset of visual binaries where the stars share very similar proper motions but have physical separations such that not only is there little if any relative motion between the pair as measured over timescales of a century or more, but often also with separations sufficiently large for it to be uncertain as to whether it is possible for the objects to be actually in orbit about each other. Most true binaries, including close pairs, will share a common proper motion, the "common proper motion pair" subset contains a number of stars that cannot necessarily be shown to be orbiting binaries, yet have a coincidence of space motion with respect to other nearby field stars that leaves little doubt that they are related to each other.
S W Burnham was one of the first to strongly note these stars and compiled a major list of them in his Proper Motion catalogue (Burnham 1913) . Later, partway tangential, lists occurred as an incidental result of Luyten's high proper motion studies (e.g. Luyten 1980), resulting in the Luyten Double Star catalogue (LDS) (e.g. Luyten 1987).
The Second U.S. Naval Observatory CCD Astrograph Catalog, UCAC2, (Zacharias et al. 2004 , and references therein) is a modern source of proper motions determined from combining recent high quality measurements of star positions and combining these with positions derived from past catalogues and/or digitization of archival plate surveys from different epochs. It is thus a resource from which new common proper motion pairs can be gleaned.
METHODOLOGY
The UCAC2 catalogue covers the sky from the South Celestial Pole to approximately 40 degrees North Declination in terms of completeness, although some data extend as far as 50 degrees North with less complete coverage. The catalogue is in general complete within these limits, albeit with omissions in respect of close pairs of stars and high proper motion objects found but not included in already published high proper motion objects, as well as "bright stars", stars of UCAC2 red magnitude 8 or brighter, where the images are liable to be too overexposed for use.
The stars in the catalogue from the Northern Celestial Hemisphere were chosen, being filtered such that all stars brighter than UCAC2 red magnitude 14 lying within 90 arcsec of each other whose listed proper motions were greater than ten milliarcsec per year (mas y −1 ) in both Right Ascension and Declination whilst also within a ratio of 1.5:1 of each other, were selected. Their positions, UCAC2 red magnitude, proper motions and 2MASS (Cutri et al. 2003 ) cross correlated J and Ks magnitudes were taken, along with appropriate flags and errors for each. The relatively conservative upper limit of 90 arcsec was chosen as the purpose was to find as many certain associations as possible, as opposed to any emphasis on quantity.
The primary star of each pair was defined as that of the brighter UCAC2 red magnitude, which is an unfiltered instrumental magnitude somewhat spanning the range of Johnson V and Cousins I in passband and with a global accuracy estimated at ±0.3 magnitudes, but usually good to within ±0.1 of a magnitude within any particular survey image (Zacharias et al. 2004 ). The relatively close pairs selected here are among the latter. However, it has to be noted that for the brighter stars the errors in magnitude are greater, and also that for pairs with strongly contrasted colours, the spectral response is bound to differ from that of the visual, which is traditionally used in the determination of the primary, such that for pairs very close in brightness the star which is actually primary is somewhat arbitrary. Here the star given brighter in UCAC2 red magnitude is taken as primary.
At around UCAC2 red magnitude 14 the quoted errors in proper motion for both Right Ascension and Declination can approach 8mas y −1 or so, thus the connected restrictions in the selection criteria for these two parameters. The data were further honed such that all the primary stars for which respective proper motion in either Right Ascension or Declination was less than four times the error for said were also removed. This restriction was reduced to twice the error in the case of the secondaries, otherwise a strong selection effect would have occurred which would have effectively removed most of the pairs with quite faint secondaries. Most were still much better than this ratio.
A cross correlation with the Washington Double Star Catalog, WDS, (Mason et al. 2001 ) was undertaken and the objects already listed in that catalogue removed from this list. The search found 74 of the objects were previously so catalogued, however it must be noted that the current processing of the UCAC data means that few if any binaries having components separated by less then 6 arcsec are included. It is apparently the intent to fully process these objects when the full all sky final release appears, projected for 2006 -2007 (Zacharias et al. 2004 ). In some cases the search found new companions to pairs in the WDS catalogue, and in such cases those selections were kept and the connection remarked upon in the notes.
This resulted in a catalogue of 705 previously unpublished common proper motion pairs.
A final examination was made by hand and eye in which every pair in the list was examined again using the graphical interface charting package Guide 8 (see acknowledgements) which enables the plotting of multiple data catalogues in an accurately scaled graphical representation. Such checks are essential with different age catalogues of varying positional precision, which in some cases can be up to several arcminutes out, if any certainty is to be given with respect to cross correlations. For example, much effort has been given by the WDS team to update original positions for many pairs in the catalogue, available in electronic form, but not included in VizieR at the CDS, Strasbourg. Exact modern positions do not exist for all pairs.
This also enabled a handful of objects that were members of Open Clusters to be removed from the list, as on the whole Open Cluster members share much the same space motion, though few that are sufficiently close enough to have stars bright enough to have been selected, as well as have members with proper motions greater than the lower limit, are densely starred enough to have pairs separated by less then 90 arcsec, and thus selected in the processing.
In certain instances, especially where the secondary was a faint star near to a much brighter star, other immediately adjacent faint stars in the field had their USNO B1.0 (Monet et al. 2003) proper motions checked in case of further companions more appropriate to a moving stream or faint, sparse, little known, cluster. Table 1 , fully available in the electronic version and for which a sample appears below, gives the details of all the stars found, and is sorted on Right Ascension of the primary star in each pair.
RESULTS
The table gives a running number for each new pair (and in three cases, triple) found, along with the UCAC2 Right Ascension and Declination of both the primary and secondary. The separation in arc seconds, ρ, and Position Angle in degrees, θ, of the secondary with respect to the primary is given as calculated from these positions, after correcting the Right Ascension position via the cosine of the Declination. The separation is quoted to 0.1 arcsec, traditional for binary star catalogues, and this precision should be safe given the quoted magnitude dependant positional error range of 0.015 to 0.070 arcsec (with a 0.010 arcsec systematic error) quoted for UCAC2 (Zacharias et al. 2004 ). This is followed by the photometric data in terms of the UCAC2 red magnitude for each star as well as each stars' 2MASS J − Ks colour (taken via UCAC2 which sources this data from the 2MASS All Sky Release (Cutri et al. 2003) ).
Then follows the respective proper motions, expressed in milliarcsec per year (mas y −1 ), for both Right Ascension and Declination as taken directly from UCAC2 (i.e. not corrected for the cosine of Declination -the data from the UCAC2 catalogue has been taken directly so as to minimise any potential errors). The mean epoch of the measurements contained within the UCAC2 catalogue is J2000.0 throughout (Zacharias et al. 2004 ).
The UCAC2 running number identifier for each star of the pair is given to enable backtracking to the original source data.
Finally, and only on occasion, if there is any point of note with respect to a particular object (for example, for some objects the primary is a known visual binary, whilst in others the primary is a known eclipsing binary), it is flagged with a running note number, and the numbered notes appear after the table.
OBJECTS OF INTEREST

Triples
Pairs 111 AB and AC; 380 AB and AC; and 670 AB and AC from Table 1 are in fact new triples, in that all three stars in each group have common proper motions. Although 111 has some greater difference in proper motion of one pairing out of the triple than in the other, the agreement between the three exceeds the quite different, and smaller, proper motions of field stars within the area. Multiple, well spaced, common proper motion pairs are significant in terms of the borderline between binaries, such multiples and small, sparse, Open Clusters, which in turn reflects upon the original differing aspects of the birth of these objects.
Pairs 010, 050, 065, 076, 081, 179, 195, 215, 326, 375, 431, 585 and 601 actually signify the discovery of a new tertiary component where the primary is part an already known binary, as identified in the notes to Table 1. In the case of known binaries with separations of less then 2 arcsec, and especially those already known binaries with separations of less than 1 arcsec (which will be incidentally be essentially unresolved in UCAC2), the three stars will in all likelihood form a physical system. This breakdown into close and wide pairs is not infrequent as the somewhat hierarchical nature of multiple stars is already well known generally. The situation is not so clear for wider pairs, especially if the previously known secondary has no known proper motion, either in UCAC2 or WDS.
An example of the utility of the UCAC2 data in assessing binarity, as opposed to happenstance alignment, is illustrated by pair 410 AB. The primary TDT 2727 ab, of 0.4 arcsec's (i.e. unresolved in UCAC2) separation, makes a 17.2 arcsec common proper motion pair with its companion. TDT 2727 itself is listed as the B companion to S 773 AB in the WDS, component A lying some 84 arcsec distant. Yet S773 A has UCAC2 proper motions of ≈ −2 and ≈ +4 mas y −1 respectively in Right Ascension and Declination, quite different to those of S 773 B = TDT 2727 ab = 410 A. Pair 410 B is therefore likely a new tertiary component to TDT 2727, and none are connected to S 773.
The aforementioned tendency of multiple stars to clump in hierarchical subgroupings within themselves is exemplified by Castor, α Geminorum, which consists of two similar and reasonably close pairs of spectroscopic binaries, these two pairs forming a visual binary of reasonably known orbit, said pair of pairs itself being orbited at some relatively large distance by a close red dwarf pair in their own spectroscopic, and eclipsing binary, configuration. Similar hierarchical examples in the current list, and also as stated in the notes, are stars 185 A = NSV 15730, an EA eclipsing binary of 3.77 day period (Patrick Wils, pers. comm.); 275 B = V975 Cyg, an EA eclipsing binary of 3.95 day period (Kholopov et al. 1985-88) ; and 564 B = BS Lac, an EA eclipsing binary of 2.81 day period (Kholopov et al. 1985-88) . These pairs are therefore at least triple.
High proper motion pairs
Although common proper motion pairs are to some extent self-evident from the very commonality provided in the definition, especially when compared to the differing proper motions of the other stars in the neighbouring field, the situation is clearest for stars of the highest proper motion. To some extent these stars also have a possibility of being relatively close neighbours to the Sun, their large proper motions being an apparent effect of this. Although high motions due to objects representative of the Population II, or Halo, stars cannot necessarily be precluded due to them being able to be just as easily nearby as well as distant whilst yet still capable of having high proper motions, the more distant objects can be presumed to be less likely to have pairs with the scale of the apparent separations found here.
As most stars with proper motions higher than two tenths of an arc second per year are mostly likely to be already accounted for in earlier surveys (Luyten 1980), and subsequently included in the LDS (e.g. Luyten 1987), the highest proper motion stars in the current list contained no object with a proper motion of 200 mas y −1 or higher (several candidate objects that did having been already cross correlated with the LDS via the WDS and subsequently removed from the list). This left 17 pairs from the list of 705 with total proper motions 100mas y −1 (with Right Ascension being corrected via the cosine of Declination in this instance), and twice as many for proper motions 75mas y −1 . The Astrographic Catalogue 2000, AC2000 (Urban et al. 1998), and its revised form, AC 2000.2, constitutes a digitization of the printed catalogue measures for early epoch archival plates with positions quoted to Epoch of Equinox J2000 but to the Epoch of the plates, with some plates harking back to the late 1890s. Although UCAC2 is not entirely independent of this catalogue, as it uses it as one of the sources from which the UCAC2 proper motions are computed, it can provide a means of assessing the change in separation and positional angle between a pair over a duration of up to a century or more. Also it should be noted that the positional accuracy for the AC 2000.2 data averages around 0.3 arcsec.
Accordingly Table 2 presents the objects with the highest proper motions as well as their separations and Position Angles according to AC 2000.2, giving the epoch from the AC 2000.2 as the mean epoch for each pair quoted, whilst the epoch for UCAC2 is the mean J2000.0 epoch for the positions in that catalogue, such that the relative motion, or lack thereof, can be assessed. This is equivalent to two measurements being given at widely separate dates in binary star catalogues such as the WDS.
It can be seen that common proper motion pairs rarely display much relative motion, even over a duration of a century or more, and even in cases of high proper motion stars, which will perforce include a number of relatively neighbour stars, which in turn means that the absolute separation of those paired stars is not necessarily very great. The combination of all these factors would also suggest that the stars that have both the highest proper motions and the smallest separations should be the ones most likely to show any relative motion, however perusal of Table 2 shows that this is not necessarily the case.
Relative brightness and colour of pairs
Implicit in the concept of common proper motion pairs is that the two stars are physically connected to each other, no matter how tenuously in terms of gravitational interaction, such that their true separations are negligible relative to their distance from the sun. Thus they can be considered to be the same distance as each other from the Sun, for all intents are purposes. Further, it is not clear how two, or more, closely connected stars cannot share a common origin, so they are likely to be of the same age and from the same birth place.
Although, as implied earlier, the UCAC2 catalogue is not a photometric catalogue, the instrumental magnitudes for objects lying on the same image are considered to be reasonable within ±0.1. Given a common distance to a common proper motion pair their apparent brightnesses therefore represent the true relative luminosity. An added bonus of the UCAC2 catalogue is the cross correlation with the 2MASS photometric data, specifically the J and Ks magnitudes, from which the J −Ks colour can be derived. This latter is relatively quite free of interstellar extinction in fields away from the immediate Galactic Plane, and, except in the relatively rare cases of near infrared excess exhibited by readily identifiable objects like Young Stellar Objects, RV Tauri stars and Carbon stars, can be used to give a reasonable estimate of a star's approximate spectral type (e.g. Bessell & Brett 1988) . Even given reddening, both stars will be experiencing this to the same extent, so that except for cases where one star is very blue and the companion is very red, the difference in colours should be affected negligibly. Tables 3 and 4 give representative objects from the full list in terms of decreasing difference in brightness for all pairs where the difference in UCAC2 red magnitude between the two components of the pair is > 3.00 in Table 3 , and, in terms of decreasing difference in 2MASS J − Ks colour between the two components for differences > 0.05 in Table 4.  Some stars are common to both tables, and in each table  the running number of the pair from Table 1 , their respective UCAC2 red magnitudes and their respective 2MASS J − Ks colours are given, whilst Table 3 lists the difference  in brightness and Table 4 the difference in colour.
The most frequently known examples of common proper motion pairs are exactly that, pairs, which is highly suggestive of them being born together, separate from any other starbirth event, and dispersing from their natal clouds together, yet as a lone pair.
Brightness
Despite a difference of over five magnitudes between the two stars making up pair 473 at the top of Table 3 , the colours are within a spectral class or so of each other, and thus cannot be due to any preferential red sensitivity for the unfiltered UCAC2 CCD chip, and the proper motions are virtually identical in Right Ascension, whilst the discrepancy of ≈ 3 mas y −1 between those of the Declinations is less than the 5 mas y −1 error in the fainter component's Declination proper motion. The primary has a colour appropriate to an unreddened late F star, whilst the secondary has one appropriate to an unreddened early K star. Evidently, given the likelihood of these star lying close together in space, these two stars are of quite different luminosity classes. Yet in terms of their local scale, they do not lie sufficiently close together to suggest any possibility of mutually affecting each others evolution, a not uncommon occurrence in close physical binaries. Thus the consideration has to be given as to how two such dissimilar stars could have been formed together in the past, and stayed together since then.
The colour of the secondary star of the second pair listed in Table 3 is unknown, but the third, fourth, fifth and sixth stars all have differences of greater than four magnitudes, despite colour differences appropriate to only a difference in one, and sometimes up to two, spectral classes. The stars are all therefore mostly different in brightness due to differences in luminosity class, with the same implications as for pair 473.
The seventh pair in Table 3 , running number 376 in Table 1 , is more the expected case, in that the colours are representative of an unreddened mid A spectral class star and a red dwarf of near spectral class M0, which may just be enough to explain the difference in brightness without recourse to luminosity class differences. The question becomes, instead, one of how a hot blue intermediate mass star could have become born alongside a cool red low mass star, given that the separation is more than sufficient to ensure no mutual interaction of the astrophysical and/or gravitational kind likely to affect either stars' evolution.
Colours
At the top of Table 4, pair 279 in terms of Table 1 running number, can be found the converse situation to the similar coloured but different brightness pairs noted in section 4.3.1. Namely, the brightness for each star is very similar, yet one appears be a Sun like star whilst the other has a colour more appropriate for a red giant. The second star in decreasing difference in colour, pair 515 (also in Table 3 ), has a more appropriate brightness difference for a red giant/yellow dwarf pairing, yet there are similar colours for the respective stars as in the case of pair 279, highlighting that pair even further. The 515 pair have almost exactly similar proper motion details, however, but the 279 pair's proper motion are only just within each others limits (see Table 1 ).
Several stars differing in J − Ks colour by more than 0.5 show brightness differences of half to one magnitude, suggesting various combinations of cool giants and fairly hot dwarfs, although the appropriate spectral types, as derived from their colour, for the dwarfs are not necessarily those of hot stars, even allowing for some reddening.
Twins
Table 1 does carry objects appropriate to the concept that pairs of stars born together at the same time as a pair (presumably from a low mass isolated cloud such as the cometary globules), or as part of a not appreciably large number of stars, and with no great gravitational attraction between them, should be of similar masses to be able to stay together with common space motion over cosmically long periods of time following dispersion from that cloud.
Such pairs as 39, 79, 118, 174, 377, 440, 517 and 681 are examples of such cases, differing in brightness by barely 0.05 of a magnitude and in colour by an amount equivalent to barely half a spectral class. Interestingly all these stars have colours appropriate for yellow to orange dwarfs, and proper motions of the ten to thirty millarcsec per year level.
CONCLUSION
Modern all sky survey catalogues can be used to update existing compilation catalogues consisting of various pieces of data sourced from many places at many times, as well as add new members to those lists.
UCAC2 can be used to update and freshly provide common proper motion pairs in terms of both accurate positions and accurate proper motions. The magnitude values, though not photometric, can be used to give the relative difference in brightness between pairs, and the colour information provided by the imported 2MASS photometry can be further used to give a simple assessment of the relative astrophysics of the pairs, given their long assumed common distance. UCAC2 can be compared to archival data, both for already known and new pairs, contained in catalogues such as the AC2000.2, such that the data at different epochs can be examined, sometimes over times as long as a century.
These procedures can be as readily utilized to update current data and to find new objects, whether it be to simply revise older, often less precise, values, or whether it be to discern whether stars in binaries catalogued in the long past are truly associated with each other or not. There is an intent to revise and update the WDS, for example, once the final all sky version of the UCAC survey is processed and published in 2006/7 (Brian Mason, pers. comm.), at which time stars with separations down to one arc second, and the UCAC team themselves intend to assess the final data in terms of binaries and other multiples (Zacharias et al. 2004 ).
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Such revisions and updates will not only be significant improvements within themselves with respect to the current state of knowledge, but will be important means of evaluating procedures that will be needed for, and the type of data that will be generated by, the processing, cataloguing and assessing of the much, much greater amount of astrometric data due to become available from space missions in the next decade or so.
On the more narrow scale, information such as the proper motions, brightness and colour of common proper motion pairs can say simple things about the systems such that intriguing or exotic pairs can be identified for deeper examination with more extensive equipment, allowing the taking of measurements like spectra and radial velocities and the like, which cannot be applied to stars in general due to their time and expense overheads. This list is presented in that light.
In terms of theory, the common proper motion stars themselves also represent an intriguing and somewhat ignored situation of associated stars lying just beyond the bound orbiting binaries and well below the bound Open Clusters, which nevertheless are not properly addressed in terms of current starbirth. This study reveals quite dissimilar and also quite similar stars can be found among them, and even that they can be found in situations where one star is actually a fully gravitationally bound orbiting binary, and thus any theories about the starbirth of pairs in small isolated low mass clouds such as cometary globules cannot be constrained by a desire to generate either only dissimilar mass or similar mass pairs of objects. It is not clear either how dissimilar mass objects can be ejected in tandem from more massive and higher populated starbirth regions. The number and diversity of the wider common proper motion stars does not seem to be small. Theories that cannot naturally account for the observational facts revealed about the wider common proper motion pairs are perforce incomplete.
The future of kinematic studies will be greatly helped by catalogues such as UCAC2 and later versions. Non-single stars are believed to be the normal state of affairs in the Galaxy, and yet for many little more is known about them other than the fact that they are non-single. This paper has tried to show that more can be said.
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